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Abstract. A Half Butterfly Method is a new method introduced to construct the distinct circuits in complete graphs where 
used the concept of isomorphism. The Half Butterfly Method can be applied in the field of combinatorics such as in listing 
permutations of 𝑛 elements. Thus, in this paper, we presented a permutation generation using Half Butterfly Method.  
INTRODUCTION 
A permutation of a set of numbers is an ordering of all its elements. For example, a set of 𝑛 distinct elements 
is given as {1,2,3,4, … , 𝑛}. Then, this set of 𝑛 elements has 𝑛! permutations. Permutation can be generated 
us i n g  variety of methods such as lexicographic order [1], transposition [2,3,4], cycling [5], shift cursor and 
level [6], and partial reversion [7,8,9]. Furthermore, the recent work on method for generation permutation using 
starter sets can be found in [10,11]. However no attempt has been made to visualize it.  Then A new method 
namely half butterfly for determining distinct circuit in complete graph and visualized it, was introduced by 
[12]. From this visualisation, we can easily list all n! permutation by applying the concept of mirror image. 
  
PRELIMINARY DEFINITIONS 
The following definitions will be used throughout this paper. 













) maps the vertices {𝒙𝒊, 𝒙𝒊+𝟏, 𝒙𝒊+𝟐 , … , 𝒙𝒏} of 𝑲𝒏 to the 
other vertices {𝒙𝒊𝒇, 𝒙𝒊+𝟏𝒇, 𝒙𝒊+𝟐𝒇, … , 𝒙𝒏𝒇} where 𝒊 = 𝟏 and {𝒙𝒊𝒇, 𝒙𝒊+𝟏𝒇, 𝒙𝒊+𝟐𝒇, … , 𝒙𝒏𝒇} be the images. That is 
𝒙𝒊 ⟼ 𝒙𝒊𝒇, 𝒙𝒊+𝟏 ⟼ 𝒙𝒊+𝟏𝒇, …, 𝒙𝒏 ⟼ 𝒙𝒏𝒇, for 𝒏 ∈ ℤ+.  












Then, 𝟏 ⟼ 𝟐, 𝟐 ⟼ 𝟑, 𝟑 ⟼ 𝟒, and 𝟒 ⟼ 𝟏. Thus, we write the mapping for 𝒈 as (𝟏, 𝟐)(𝟐, 𝟑)(𝟑, 𝟒)(𝟒, 𝟏).  
Definition 2. Let 𝑨 be a circuit with direction (𝟏, 𝟐, 𝟑, … , 𝒏 − 𝟏, 𝒏, 𝟏). Then, a circuit 𝑩 is the mirror image of 
𝑨 if the direction of 𝑨 is (𝒏, 𝒏 − 𝟏, … , 𝟑, 𝟐, 𝟏, 𝒏).  
Example of mirror image: 
 
 
The 4th International Conference on Quantitative Sciences and Its Applications (ICOQSIA 2016)
AIP Conf. Proc. 1782, 030007-1–030007-5; doi: 10.1063/1.4966064




















Definition 3. Let 𝐴 and 𝐵 be two circuits with 𝑛 vertices. If 𝐵 is the mirror image of 𝐴, then 𝐴 and 𝐵 have 
similar structure where the direction is opposite.   
 
The Half Butterfly Method 
The idea of half butterfly method (HBM) comes from the idea of mirror image to visualize the distinct circuit 
which can be found detail in [12]. Thus in order to perform decomposition complete graph into distinct circuit 
with different path, HBM contains four steps as follows: 
Step 1: Creating direction of wing strategy. 
Step 2: Fix and Shift every vertex of direction obtained in Step 1. 
Step 3: Determine the mapping for each circuit. Similar mapping will be eliminated to get distinct circuit. 
Step 4: Draw the circuit. 
 







𝐴 = (1,2,3,1) 𝐵 = (2,3,1,2) 𝐶 = (3,1,2,3) 






















Step 3: Finding the mapping 
𝑪𝟏












) = (𝟏, 𝟑)(𝟑, 𝟐)(𝟐, 𝟒)(𝟒, 𝟏)  which maps 𝟏 ↦ 𝟑, 𝟑 ↦ 𝟐, 𝟐 ↦ 𝟒, and 𝟒 ↦
𝟏.  
𝑪𝟐












) = (𝟏, 𝟐)(𝟐, 𝟑)(𝟑, 𝟒)(𝟒, 𝟏) which maps 1 ↦ 2, 2 ↦ 3, 3 ↦ 4, and 4 ↦ 1.  
𝐂𝟑












) = (𝟏, 𝟐)(𝟐, 𝟒)(𝟒, 𝟑)(𝟑, 𝟏) which maps 1 ↦ 2, 2 ↦ 4, 4 ↦ 3, and 3 ↦ 1.  
If there are repeated mappings, then one will be eliminated. In this step, the mappings are all distinct. 
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FIGURE 3. Three distinct circuits with different path from K4. 
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THE GENERAL PROCEDURE OF GENERATING PERMUTATION USING HBM 
 
Let {1,2,3,4, … , 𝑛} be a set of n elements. The procedure is continuing from HBM. The next step is 
performing the cycling of the nodes of the distinct circuit in same path and finding the permutation from their 
mirror images. Thus we demonstrated for n = 3 and 4. 
 
Case n = 3 
Let {1,2,3} be a set of three elements. The total permutations of this three elements is six, that is, 3! = 6.  
We can have three permutations from FIGURE 1 which are {1,2,3}, {2,3,1} and {3,1,2}. Then, the other three 
permutations can be obtained from FIGURE 2 by considering the mirror image which are {1,3,2}, {2,1,3} and 
{3,2,1} 
Thus, it is proven that the one distinct circuit of 𝐾3 as shown in FIGURE 1 is enough to generate all the 
permutation of three elements. 
Case n = 4 
Let {1,2,3,4} be a set of four elements, so the total permutations of this four elements is 24, that is, 4! = 24.  
FIGURE 3 gives three permutations which are {1,2,3,4}, {1,2,3,4} and {1,2,4,3}. From these three, the 
remaining permutations can be obtained by considering the circuits with different paths, and their mirror images. 
The results are shown in TABLE 1. 
 
TABLE  1. The permutations of four elements 
The distinct circuits 
from 𝑲𝟒 
Permutations from the 
circuits with different path 

































From the distinct circuits with different path of  𝐾𝑛, we have 
(𝑛−1)!
2
 × 2𝑛 = 𝑛(𝑛 − 1)! = 𝑛!. 
Permutation of 𝑛 elements, where 2𝑛 represents the mirror image and the number of vertices of 𝐾𝑛. 
CONCLUSION 
Therefore, it is proven that the distinct circuits with different path are enough to obtain all the permutations 
of 𝑛 elements. To summarize, the contribution of The Half Butterfly Strategy is proven can be applied in listing 
all permutations of 𝑛 elements.  Our future work will be directed to enhance HBM in network visualization.  
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